THE CARDIAC PATHOLOGY of Duchenne's muscular dystrophy (DMD) has been described in only a few patients. Detailed gross and microscopic analyses of 15 hearts of affected boys showed that left ventricular fibrosis and/or dilation was present in 94%.1`The results (table 1) indicate that left ventricular fibrosis was usually localized to the epicardial half of the left ventricular free wall and usually occurred in a diffuse distribution. In 27%, fibrotic changes were localized to the posterior basal area of the heart. The fibrosis is not similar to that observed in myocardial infarction, for in DMD, normal muscle cells are intermixed with fibrotic areas.
Although death in some patients with DMD results from congestive cardiac failure, frank cardiac decompensation is a relatively uncommon feature in the early or middle stage of the disease. 5 However, electrocardiographic evidence of cardiac abnormality is frequently found in children younger than 5 years of age.6 Thus, DMD provides a model of mild cardiomyopathy that progresses to a more severe form in the second decade. 7 8 The purpose of our investigation was to develop a method for evaluating the cardiomyopathy found in DMD patients. Previous investigations have shown that conventional echocardiographic measurements of myocardial function, such as velocity of circumferential fiber shortening (Vcf), shortening fraction, ejection fraction and stroke index, have been normal or If the QRS was isoelectric in this lead, another lead was selected. A variety of ultrasonic transducers, ranging in frequency from 2.25-5 MHz with crystal sizes of 6-12 mm, was used. After a standard echocardiogram was recorded, the LVPW was reexamined at the level of the chordae, and the posterior left ventricular wall image was then electronically expanded so that the septum was at the top of the oscilloscope screen and the LVPW was at the bottom. The objective was to enlarge the left ventricular posterior wall to improve tracing accuracy ( fig. IA ). An acceptable wall was defined as one in which the plane of the beam was appropriate and the endocardial and epicardial surfaces were seen as continuous. We also required that the epicardium was imaged separately from the pericardium. After each tracing was obtained, it was assigned a random six-number sequence to eliminate any future analysis bias.
Standard Measurements
The left ventricular internal dimension (LVID) and LVPW were measured according to suggested criteria in end-systole (s) and end-diastole (d). The endocardium and epicardium of the expanded LVPW were manually traced with an ultrasonic fig. IB) . At the quartiles and deciles of time, the Y value, wall thickness, was automatically determined. The standardized beginning of systole was the initial deflection of the QRS complex. End-systole was defined from the wall thickness graph as the peak of wall thickness. This was initially verified experimentally by comparing the time between the onset of the QRS and aortic coaptation and the time from the QRS onset to the peak of wall thickness. The times were found to be identical in 12 subjects -five normals and seven with DMD, and thereafter the wall graph alone was used for identification of end-systole.
Repeatability for Wall Trace Evaluation
Repeatability was tested by: (1) 
Two-dimensional Evaluation
To rule out the possibility that we might have selected an isolated affected segment of the wall for evaluation that differed from the rest of the ventricle, we performed two-dimensional echocardiography to observe for akinetic or dyskinetic segments. Examination was performed with a Toshiba SSH lOA phasedarray or an electronically focused, high-resolution prototype 3-MHz scanner. The left ventricle was evaluated in three planes: long axis, short axis and apical.'6' 17 The short axis was evaluated at the level of the anterior mitral valve leaflet, the area in which both leaflets were visible, the chordal level and the papillary level. The long axis was then evaluated from the standard precordial position and from the four-chamber apical position. The thickness of the wall was measured in millimeters at 25%, 50%, 75% and 100% of systolic time, and 10%, 20%, 40% and 100% of diastolic time (table  4) . Systolic divisions were initially selected arbitrarily fig. 3 ). Low-level (r = 0.28 to 0.60) but significant correlations (p < 0.05) were found between measurements obtained at a percent of systolic or diastolic time, and age, weight, height and body surface area. Heart rate showed a very weak (r = -0.34 to -0.49) negative, but significant (p < 0.05) correlation to contraction and relaxation measurements. Despite the statistical significance of the correlations, the level of correlation was too low to be of clinical importance. creasing the echocardiographic receiver gain in each stage of the receiver board. We also increased the dynamic range of the echograph with switch gain." The latter appears to be more important than the former. Observation of tracings leads to the suspicion that the larger the epi-pericardial space, the greater would be the DEVM; the reverse also seems true. Factors that govern the size of the space are unclear. It could result from motion of the entire heart within the pericardium, heart size, the amount of pericardial fluid, or from all these factors. Perhaps DEVM is also affected by heart rate, as cardiac motion might be expected to be decreased if the stroke index were smaller due to tachycardia. Patients with DMD did have relative tachycardia and this could have been a factor in those slopes. The technique that we present makes no assumptions regarding the total cardiac motion, for tracing both sides of the left ventricular wall cancels the effect of cardiac motion and permits evaluation of cyclic thickening and thinning. Further, the technique of Kovick and co-workers requires drawing the best tangent to a moving wall.'0 This can be very difficult, for the wall is both thinning and moving, each at a different rate. The technique we present does not require construction of tangents. The repeatability studies for the presented technique show a high degree of reproducibility. The problem with the presented technique is obtaining very high quality recordings, and such a recording requires considerably more time, effort, knowledge of the equipment, and to an extent, equipment modification.
Our technique makes two major assumptions. The first is common to all echocardiographic work, and proposes that returned echoes come from structures that are perpendicular to the ultrasonic beam and that the myocardium of the left ventricular posterior wall is relatively uniform in thickness if the operator takes care not to image the papillary muscles. Since few nonperpendicular echoes return to the transducer, or if they do return to the transducer, they appear as weak echoes, the first part of the first assumption is probably true. Pathologic examination of the free wall of the left ventricle shows that it is generally of similar thickness from just below the mitral ring to near the papillary muscle. This is important, for a different portion of the left ventricular wall is imaged at each instant, since the left ventricle has motion in all three axes, and, in effect, passes by the motionless transducer.24 This portion of the first assumption, although not frequently discussed, is common to all echographic work. The second assumption is more specific to this investigation and concerns the possibility that the area of the left ventricular wall that was examined was not a representative section, as it could have been mainly a fibrous area or alternatively, the only contractile area of an otherwise fibrotic wall. To deal with this question, we performed twodimensional echocardiographic examinations of DMD patients. The left ventricle was imaged in cross section from the apex and in long axis. This examination did not define areas of akinesis or hypokinesis. Failure to find such areas suggested that our sample site selected for M-mode study was reasonable. However, the value of such observation is limited because we could not rule out subtle systolic, or more important, diastolic events.
Our investigation shows that thickening of the left ventricular wall in DMD and normals proceeds as a linear or nearly linear function. Diastole has two phases in normal subjects: a rapid thinning phase that occupies about the first 40% of diastole and a slow phase that lasts until slightly after the inscription of the QRS complex. Although rarely a normal pattern occurs in DMD, the most common pattern was one of decreased rate of wall thinning. Decreased rate of relaxation is probably related to fibrosis. Kovick and co-workers'0 suggested that since fragmented sarcoplasmic reticulum isolated from DMD skeletal muscle accumulates calcium more slowly than does fragmented sarcoplasmic reticulum isolated from normal muscles, the slow uptake of calcium may be accompanied by slow relaxation in DMD. Ahmad et al.9 suggested that reduced DEVM may reflect reduced overall movement of the heart in the thorax rather than functional cardiac abnormality.9 Cardiac motion may be a major factor in DEVM, so this conclusion may be partially appropriate. However, the present study shows that the abnormal diastolic thinning is not a function of cardiac motion because effects of cardiac motion are, in effect, canceled by the procedure. Accordingly, the abnormal diastolic thinning of the left ventricle appears to be the major impairment that could be detected by the echocardiographic technique of this study.
